Background and Purpose-The theory of cognitive reserve (CR) was introduced to account for individual differences in the clinical manifestation of neuropathology. This study investigated whether CR has a modulating effect on cognitive impairment and recovery after stroke. Methods-This study is an interim analysis of the Korean Stroke Cohort for Functioning and Rehabilitation. A total of 7459 patients with first-ever stroke were included for analysis. Education, occupation, and composite CR scores derived from those 2 variables were used as CR proxies. Scores from the Korean version of the Mini-Mental State Examination analyzed for 30 months after stroke onset were analyzed. Results-Lower CR increased the risk of cognitive impairment after stroke. The odds ratio was 1.89 (95% CI, 1. 64-2.19) in patients with secondary education and 2.42 (95% CI, 2.03-2.90) in patients with primary education compared with patients with higher education. The odds ratio was 1.48 (95% CI, 1.23-1.98) in patients with a skilled manual occupation and 2.01 (95% CI, 1.42-2.83) in patients with a nonskilled manual occupation compared with patients with a managerial or professional occupation. In the multilevel model analysis, the Korean version of the Mini-Mental State Examination total score increased during the first 3 months (1.93 points per month) and then plateaued (0.02 point per month). The slopes were moderated by the level of education, occupation, and composite CR score: the higher the level of education, occupation, or CR score, the faster the recovery. In the older adult group, the Korean version of the Mini-Mental State Examination scores showed a long-term decline that was moderated by education level. Conclusions-Education and occupation can buffer an individual against cognitive impairment caused by stroke and promote rapid cognitive recovery early after stroke. In addition, higher education minimizes long-term cognitive decline after stroke, especially in older patients. Clinical Trial Registration-URL: https://www.clinicaltrials.gov. Unique identifier: NCT03402451. (Stroke. 2020;51:99-107.
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January 2020 C ognitive impairment after stroke is a frequent and significant contributor to disability among patients with stroke. 1, 2 Furthermore, history of stroke is associated with an increased risk of dementia 3 and could contribute to Alzheimer disease and subsequent dementia. 4 The degree of cognitive decline or recovery after stroke varies depending on each individual's premorbid capacity. 1 Each individual has different educational, vocational, and socioeconomic experiences that affect the behavioral and clinical manifestations of neuropathological burdens. This idea has been well established as the theory of cognitive reserve (CR), 5, 6 which accounts for individual differences in clinical manifestations of Alzheimer disease. Several studies 7-10 have applied CR variables, mostly education, to patients with stroke. Recent reviews and meta-analyses 11, 12 showed that a lower educational history is positively associated with cognitive decline and vascular cognitive impairment. However, those studies did not evaluate cognitive function in the early phase after stroke onset, or they did not evaluate cognitive function repetitively. Therefore, they provide only limited understanding about the long-term trajectory of cognitive change and the effects of CR on long-term cognitive function after stroke.
In this study, we investigated whether CR moderated the occurrence of cognitive impairment and recovery after stroke. We hypothesized that low CR could increase the risk of cognitive impairment after stroke and that high CR could promote faster cognitive recovery after stroke.
Methods
Our study data cannot be accessed publicly per the internal regulations of the Korean National Institute of Health because KOSCO (Korean Stroke Cohort for Functioning and Rehabilitation) is an ongoing project.
Study Design and Participants
This study is an interim analysis of the KOSCO, which is a 10-year longitudinal, multi-center, prospective cohort study of acute first-ever patients with stroke admitted to hospitals in 9 regional districts of Korea. KOSCO was designed to investigate the residual disabilities, activity limitations, and quality of life issues that arise in patients after suffering from their first-ever stroke. A total of 10 636 patients, aged 19 to 100 years, with a first-ever stroke (both ischemic and hemorrhagic) were recruited from August 2012 to May 2015. The criteria for inclusion were as follows: (1) first acute stroke (ischemic stroke or intracerebral hemorrhage) with a corresponding lesion or evidence of acute arterial occlusion on a computed tomography or magnetic resonance imaging; (2) age ≥19 years at stroke onset; and (3) onset of symptoms within 7 days before inclusion. Patients were excluded if they had a transient ischemic attack, history of stroke, traumatic intracerebral hemorrhage, or were not Korean. Written informed consent was obtained from all patients or, if the patient was unable to provide informed consent, from their legally authorized representatives before inclusion in the study. The study protocol was approved by the Ethics Committee of each participating hospital. A detailed protocol for this study has been published elsewhere. 13 
Procedure
In this study, we analyzed data from the first 8 waves (baseline, discharge, 3 months, 6 months, 12 months, 18 months, 24 months, 30 months) of the KOSCO study. Among the 10 636 patients registered in the KOSCO study, 7858 consented to long-term follow-up. All patients underwent comprehensive surveys and assessments, including motor function, language skills, and mood, as well as cognitive function testing at 7 days after stroke onset as a baseline, and they received the same assessments at every follow-up. Among the 7858 patients, 7639 with at least 1 Korean version of the Mini-Mental State Examination (K-MMSE) score available at any time point were screened for this cross-sectional analysis. Incomplete scores were not included in the analysis because the K-MMSE score was coded as missing if a patient could not complete the K-MMSE by themselves. Among the 7639 patients, 51 with premorbid medical conditions that could affect cognitive performance and 129 with no education or occupation information were also excluded. We performed a cross-sectional analysis of the final 7459 patients to examine the relative risk of low CR on cognitive impairment after stroke onset. Out of the 7459 patients, educational information was available for 7356 patients. Among them, 7014, 7120, 5354, 5014, 4778, 4642, 4585, and 4478 patients were followed up at 7 days, discharge, 3 months, 6 months, 12 months, 18 months, 24 months, and 30 months, respectively. Occupational information was available for 4669 patients out of the 7459 patients. Among them, 4444, 4525, 4196, 4042, 3695, 3575, 3539 , and 3443 patients were followed up at 7 days, discharge, 3 months, 6 months, 12 months, 18 months, 24 months, and 30 months, respectively ( Table I in the online-only Data Supplement). Composite CR scores were calculated for the 4566 patients with both educational and occupational information ( Figure 1 ).
Among the 7459 patients who were included in the cross-sectional analysis, we included 3176 who were classified as having cognitive impairment (K-MMSE <16th percentile) 7 days after stroke onset in a longitudinal analysis to observe the recovery pattern of their cognitive function. Sixty-seven patients were excluded because they did not have at least 1 more additional evaluation after the initial evaluation. If a patient missed an evaluation at any wave for personal reasons, we considered them to have skipped one wave, not dropped out, and they were evaluated at the next wave. The number of evaluations of the final 3109 patients varied from 2 to 8, with 496 assessed twice, 279 assessed 3×, 227 assessed 4×, 264 assessed 5×, 314 assessed 6×, 477 assessed 7×, and 1052 assessed 8×. Educational information was available for all of the 3109 patients in this analysis, and occupational information was available for 1669 patients. We calculated composite CR scores for the 1669 patients using both educational and occupational information ( Figure 1 ).
CR Proxies
We used education and premorbid occupation as proxies for CR in our analysis. Education was classified based on the highest diploma that the patient acquired as follows: no formal education, primary education (primary school diploma), secondary education (middle or high school or 2-year college diploma), and higher education (university or graduate school diploma). Premorbid occupation was classified using the Korean Standard Classification of Occupations 14 : no occupation, nonskilled manual, skilled manual, and manager or professional. A composite CR score summarizing the information from the 2 CR variables was calculated based on the procedures described in a previous study, 15 but we used a categorical principal component analysis instead of a factor analysis. categorical principal component analysis is appropriate for data reduction when variables are categorical. The single factor extracted (the composite CR score) accounted for 70.1% of the common variance in the 2 measures. The mean of the composite CR score was 0, and the SD was 1. A higher score indicates higher CR.
Outcomes
The K-MMSE 16 was used as the outcome measure. The total possible score is 30 points. Cognitive impairment (total K-MMSE score <16th percentile) was defined based on age-and educationadjusted norms. 17
Statistical Analysis
Descriptive information about the groups was compared using t tests or χ 2 tests. We used ANCOVA to compare the severity of cognitive impairment among groups while controlling for background variables. Bonferroni correction was performed for post hoc analyses of the ANCOVA results. Logistic regression analyses were used to examine the relative risk of cognitive impairment at each CR level at every time point. Odds ratios with 95% CIs were calculated. SPSS version 19.0 software 18 was used for all of those statistical analyses.
To analyze the longitudinal recovery patterns after stroke, we used a multilevel analysis to investigate whether cognitive function recovery patterns varied depending on CR. A multilevel model is appropriate for nested data in which observations are organized at >1 level. 19 Observations in our data, K-MMSE scores, are nested within individuals. Because the clinical features of cognitive impairment in patients with stroke are characterized by rapid improvement at the initial stage and subsequent stable maintenance, 1 an exponential function was applied first to see the natural course of recovery. We then reanalyzed the data using a linear regression function with 2 different slopes (piecewise regression), 1 for the initial active stage, and 1 for the later stable stage to clarify the clinical meanings of the coefficients because the coefficients of the exponential function are difficult to interpret directly. This procedure was expected to improve our understanding of the course of cognitive recovery in patients with stroke. In the piecewise regression model, we set the breakpoint to 3 months based on the graph derived from the exponential model. Because piecewise regression comprises 2 simple regression analyses, the coefficient values and t-ratios are interpreted the same as in a simple regression. Education and occupation were coded as dummy variables, and the composite CR score was used as a continuous variable. HLM ver.7 software 19 was used for the statistical analysis of these data because it can be applied to data with different time points or intervals among subjects. All statistical analyses were adjusted for background variables: age, sex, initial National Institutes of Health Stroke Scale score, stroke subtype, and the stroke risk factors listed in Table II in 
Results

Cross-Sectional Analysis
Because the demographic variables and several stroke risk factors differed significantly among the 4 education and occupation groups ( Table 1 and Table II in the online-only Data Supplement), these background variables were included in the statistical analyses to control for unwanted effects.
Before examining the relative risk of low CR on cognitive impairment, we compared the severity of cognitive deficits and frequency of cognitive impairments among the 4 education and 4 occupation groups at every time point (Tables III  and IV in the online-only Data Supplement). In most comparisons, a lower level of education or occupation was associated with a lower K-MMSE score and higher frequency of cognitive impairment after stroke onset.
We applied logistic regression analyses to investigate whether low CR increased the risk of cognitive impairment after stroke. We used 3 independent models in the logistic regression with education, occupation, and composite CR score as the predictors (Table 2 ). Lower education, occupation, and composite CR score each increased the relative risk of cognitive impairment at every time point. At 7 days after stroke onset, the Table 2 , Model 2). The composite CR score was also significant in predicting cognitive impairment ( Table 2, Model 3): the higher the composite CR score, the lower the risk (odds ratio, 0.77 [95% CI, 0.71-0.83]). In general, the odds ratios increased as the levels of education or occupation decreased, except for no formal education and no occupation, and as the follow-up evaluations progressed (See Table V in the online-only Data Supplement for logistic regression results at discharge, 6 months, 12 months, 18 months, and 24 months).
Longitudinal Analysis
In the multilevel analysis, the exponential function showed that the K-MMSE scores increased rapidly during the first 3 Table 3 , Model 3). The second slope was almost flat (0.02 points per month for the whole group), but education level moderated the second slope as well: the higher the educational level, the steeper the slope. Occupation and composite CR score had no significant influence on the second slope. Because the long-term prognosis for stroke, implied by the second slope, is associated with the development of dementia, especially in older patients, we conducted a subgroup analysis by age group (Table VIII in 
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per month (coefficient=0.05, P<0.001; Table VIII , Model 1 in the online-only Data Supplement) after the first 3 months. Education level affected only the first slope, and the second slope did not differ among education groups (Table VIII , Model 2 in the online-only Data Supplement; Figure 3A ). In the whole older adults group (age ≥65 years, n=1822), the K-MMSE score increased 1.62 points per month (coef-ficient=1.62, P<0.001; Figure 3B ). Tables VIII through X in the online-only Data Supplement present more results from the age subgroup analysis with the 3 CR variables applied. Overall, the results are similar to the original results.
Discussion
The results of this study show that a lower premorbid education or occupation is associated with more severe cognitive dysfunction and an increased risk of cognitive impairment both immediately after stroke and over the subsequent 30 months. In addition, a higher education or occupation is associated with a more rapid recovery of cognitive function during the first 3 months after stroke.
Consistent with recent reviews reporting an increased risk of cognitive impairment after stroke in patients with low education, 1, 8, 11, 12 education in our study was an independent factor associated with cognitive impairment after stroke. In addition, our data show that higher education can predict rapid recovery after stroke onset during both the active and stable recovery phases, which has not been previously reported. In a study Models were adjusted for background variables: age, sex, initial National Institutes of Health Stroke Scale score, stroke subtype, and the stroke risk factors listed in Table I in the online-only Data Supplement. All background variables were centered around the mean. Education and occupation were coded as dummy variables. No education and no occupation were the reference groups in each model. Slope 1 and slope 2 were adjusted for intercept 1, the initial score of on the Korean version of the Mini-Mental State Examination. CR indicates cognitive reserve. *P<0.05, †P<0.01, ‡P<0.001. 7 education was a protective factor against cognitive decline after stroke or transient ischemic attack, but those authors compared cognitive function evaluated between 3 and 6 months with follow-up testing 14 months later. In a study by Ojala-Oksala, 8 education was associated with cognitive decline, dementia, and successful survival, but cognitive function was assessed only once, at 3 months after the stroke. Therefore, previous studies could not examine the moderating role of CR on early recovery, which begins immediately after stroke onset, or on long-term changes. The finding that the frequency of cognitive impairment in patients with no education was always lower than that in patients with primary education was inconsistent with our hypothesis. Because Korea does not have a long history of compulsory education, there are many older people who did not go to school but learned letters and knowledge through homeschooling. So their educational background might not be enough to reflect their cognitive capacity. Furthermore, the lower frequency rates of impairment found among patients with no education might be a result of the lower cutoff scores when adjusted for age and education. When we applied unadjusted cutoffs (23/24) to the K-MMSE, the frequency and odds ratios of the no education group were higher than those of the primary education group (Tables XI through XII in the  online-only Data Supplement) . Thus, the demographically adjusted norms might underdiagnose cognitive impairment in individuals with a low educational background.
Occupation was also associated with cognitive changes after stroke. Lower levels of occupation increased the risk of cognitive impairment, and higher levels of occupation increased the speed of cognitive recovery during the first 3 months after stroke. To the best of our knowledge, no similar findings have been reported in previous studies. Occupation has been used as a representative proxy for CR in previous studies of Alzheimer disease 20, 21 and was reportedly associated with incident dementia (relative risk, 2.20 [95% CI, 1.32-3.84]). 20 Furthermore, a longitudinal study found that cognitive decline was predicted by being a farm worker (odds ratio, 2.37 [95% CI, 1.05-5.37]). 21 In this study, we demonstrated the beneficial effects of occupation with respect to brain damage in patients with stroke as well.
However, researchers should be cautious when using occupation as a CR proxy because it might introduce selection bias. There were a lot of missing data for occupation, so we inspected the patterns. About 56% of the no education group did not provide job information, and 76% of women did not provide job information or reported that they had no job. Many people in the no education group, and women might have lower levels of occupation or no job and be unwilling to reveal their inferior social status. Therefore, occupation might not be a good proxy for CR because it cannot be applied equally to individuals with various cultural and socioeconomic backgrounds.
The favorable effects of education and occupation on cognitive function can be explained by CR theory. CR is defined as the capacity of a brain to delay or minimize the clinical manifestation of brain pathology. 6 Although the exact mechanisms remain uncertain, enriched environments and life experiences, such as education or occupation, are believed to empower the brain to endure neuropathological processes in 2 ways. At the anatomic level, as suggested by Satz, 22 individual differences in the number of synapses and brain volume confer differences in the capacity to endure neuropathological processes. At the functional level, Stern 6 proposed a more active model in which CR is related to the ability to effectively recruit brain networks. Thus, the patients with stroke in this study who had high levels of education or occupation might have had more synapses, larger brains, or more robust brain networks that effectively resisted brain damage.
The long-term maintenance or deterioration of cognitive function recovered after a stroke is another issue among stroke survivors because cumulative vascular burden is associated with an increased risk of dementia. 23 However, no one has yet investigated how well cognitive function recovered after stroke is maintained in the long term or how CR affects the maintenance process, partly because the concept of CR was developed in the context of Alzheimer disease, 6,22 a degenerative disease.
Our additional subgroup analysis by age groups showed that the second slope (recovery after 3 months) continued to increase in the young adult group, which means that the recovered function was well maintained over the long term. This result is consistent with a recent study showing that global cognition improved over a 10-year period following the first stroke in young (aged 18-65 at stroke onset) stroke survivors. 24 However, in the older adults group, the second slope decreased slightly, which is consistent with previous studies conducted in older adults that showed an ongoing cognitive decline after stroke, such as the REGARD (Reasons for Geographic and Racial Differences in Stroke) 2 and the ELSA (English Longitudinal Study of Ageing) 25 studies. Importantly, the decline shown by the second slope differed by educational level: the secondary education group showed a significantly increased second slope compared with the no education group, which showed a decreasing slope. These results suggest that lower education could increase the risk of cognitive impairment after stroke onset and ultimately be associated with long-term cognitive decline in older patients. Because cognitive decline in the elderly increases the risk of developing dementia, careful attention should be paid to changes in cognitive function in older patients with stroke with lower education.
We calculated a composite CR score for each patient to examine the combined effect of the 2 CR variables. Those results were consistent with the findings for the individual variables: the lower the CR score, the higher the risk of cognitive impairment, and the higher the CR score, the faster the cognitive recovery after stroke. These repetitive findings make our results more robust.
We performed one further analysis to control for recurrence because recurrent stroke is an important predictor of cognitive decline (Tables XIII through XV in the online-only Data Supplement). We had the same overall results as in the original analysis, but some of the coefficients were not statistically significant because of the small sample size.
Our study has several strengths. First, we observed repeated findings with 3 CR variables. Second, we tried to avoid over-diagnosing cognitive impairment in low-educated patients by applying demographically adjusted norms. The use of adjusted norms for a short screening test can be questioned because age and lower education are known to be risk factors for cognitive decline. We reanalyzed the data using a single cutoff score (23/24) of the K-MMSE, and the overall results stayed the same or even better compared to the original analysis (Tables XI through XII and XVI in the online-only Data Supplement). Third, our data show cognitive changes in both the active and chronic phases. These results were possible because we had 8 time points ranging from 7 days after stroke onset to 30 months, whereas previous studies 2, 7, 8, 25 could not show both the acute and chronic phases of recovery.
This study also has several limitations. First, there could have been selection bias with respect to the participants included in the analysis for occupation because lower educated participants, women, and older adults did not provide job information or reported that they had no premorbid job. Second, the K-MMSE detects cognitive impairment or dementia less sensitively than a comprehensive neuropsychological evaluation. The actual prevalence of cognitive impairment might be higher than estimated in our study. These results should be replicated in a future study with a more comprehensive neuropsychological assessment. Third, the cognitive function of patients with stroke might be related to motor functions or emotional status, ApoE genotype, physical exercise, diet, and brain volume, but we were unable to control for those variables because those data were unavailable. A more detailed analysis in a future study could reveal complex relationships among those factors. Fourth, education and premorbid occupation were used as proxies of CR in our analysis, but other proxies should be considered in a further study because early life intelligence and participation in leisure activities are reportedly associated with cognitive impairment after stroke. 26, 27 Fifth, we did not account for individual differences in cognitive trajectories, but it is also important to cluster individuals according to their recovery trajectories and examine the CR variables in those groups.
Conclusions
Our findings suggest that an individual's enriched life experiences, including education and occupation, provide a buffer against cognitive impairment caused by stroke and promote rapid cognitive recovery after stroke. In addition, higher education minimizes long-term cognitive decline after stroke, especially in older patients. Within the frame of CR, the finding that education and occupation are active agents in moderating the brain's response to stroke provides some insight into preserving cognitive decline after stroke by offering structured cognitive intervention to vulnerable patients.
